Introduction {#sec1-1}
============

Anumber of investigators noticed the variation of the craniofacial morphology in different populations. Cephalometric studies have revealed craniofacial differences between different populations, ages, and sexes.\[[@ref1][@ref2]\] In various populations it is possible to observe many variations of cephalometric patterns within homogeneous groups.\[[@ref3]--[@ref5]\] Hanihara applied distance analysis and factor analysis to 23 craniofacial measurements in 1802. Recent and prehistoric crania from major geographical areas of the Old World revealed that craniofacial variations are not necessarily consistent with the geographical distribution pattern of the human populations.\[[@ref6]\]

Due to the lack of reports on the cephalometric characteristics of crania of the Bahariyah oasis dating from the Greco-Roman period, the aim of this study was to determine the craniofacial characteristics of these crania, and to compare their cephalometric traits with other ancient Egyptian samples from different time periods as well as to evaluate sexual dimorphism.

Materials and Methods {#sec1-2}
=====================

The material for the present study consisted of 149 skulls (some were without mandibles) of adult non-senile individuals (90 males and 59 females), with no obvious pathological deformity that might affect the skull shape and/or size. These skulls were collected from the Bahriyah oasis, belonging to the Greco-Roman period that dated back 332 B.C. -- 395 A.D.\[[@ref7]\] They were recovered during the excavation seasons between 1991 and 1994 by the Supreme Council of Antiquities "SCA".

Sexing was carried out using cranial morphological characteristics.\[[@ref8]\] This material was excavated from large rocky tombs in the Bahriyah Oasis which is located in the Libyan Desert 180 Km west of the Nile Valley and 350 Km south west of Cairo. Archaeological literatures indicated that ancient individuals living in the Bahriyah Oasis in the Greco-Roman period were engaged in many activities like agriculture, wine, and textile production.\[[@ref9]\] With the beginning of the Roman period which extended for more than two centuries, all the oases witnessed a period of prosperity, where governmental and agricultural efficiency increased producing accelerated economic development. It is worth noting that during the Roman rule, the Roman citizens of Greek cities, metropolitans, and Egyptians were kept clearly distinct. Many tombs dating from this period are found all over the Bahriyah oasis in the form of cut in the rocks. Ancient Egyptian texts and steles indicate that the oasis was far from the Nile Valley.

Estimation of age at death was carried out using suture closure procedures.\[[@ref10]\] The cephalometric roentgenography was taken, according to recommendation by Krogman and Sassouni.\[[@ref11]\] The crania were radiographed in the median sagittal plane with each skull held in place, using General Electric Cephalostat, where the skull was fixed in the cephalostat by inserting the two ear rods in the external auditory meati. The distance between the X-ray tube and the cassette was 150 cm. Two numerically labeled cephalograms: a lateral and a postero-anterior using Kodak X-ray films (24 cm × 30 cm) were taken for every skull. The dose used was 75 Kvolt, 10 mA and exposure time of 0.2 s. Film development and fixation were carried out manually. The processed films were then left to dry. The scanned X-ray films were then exported to the Dental tracer program version 1,00,02 (Nile Delta Software). Fifteen points and sixteen lines were defined. Then the landmarks for every exported image were plotted with great accuracy.

Linear measurements derived from lateral cephalograms were:

Sella-Nasion (S-N): Anterior cranial base lengthSella-Basion (S-Ba): Posterior cranial base lengthNasion-Basion (N-Ba): Total crania base lengthNasion-Palatal plane (NPP): Upper anterior face height (UFH)Palatal plane-Menton (MPP): Lower anterior face height (LFH)Nasion-Menton (N-M): Total anterior face height (TFH)Menton-Gonion (M-Go): Length of the body of the mandibleGonion-Articular (Go-Art): Height of the ascending ramus of the mandibleArticular-Gnathion (Art-Gn): Oblique length of the mandibleAnterior Nasal Spine-Posterior Nasal Spine (ANS-PNS): Length of the palate (Maxillary or palatal plane) (MxP): the line connecting ANS to PNSGlabella-Opisthocranium (Gl-Opis): Maximum cranial lengthBregma-Basion (Br-Ba): Cranial height

Linear measurements derived from postero-anterior cephalograms were:

Gonion-Gonion (Go-Go): Bigonial breadthZygon-Zygon (Zy-Zy): Bizygomatic breadthEuryon-Euryon (Eu-Eu): Maximum cranial breadthVertex-Menton (V-M): Maximum cranial height

Derived indices were:

Cranial index (CI) = (max. cranial width × max. cranial length) /100Upper anterior facial index (UFI) = (Upper Ant. Facial Ht. × Bizygomatic breadth) /100Total anterior facial index (TFI) = (Total Ant. Facial Ht. × Bizygomatic breadth)/100Vault size and face size (VS) = (Cranial length × Cranial height × Cranial breadth)⅓.\[[@ref12]\]Face size (FS) = (Upper facial height × bizygomatic breadth)½.

Statistical analysis {#sec2-1}
--------------------

Normal distribution was verified by the Kolmogorov--Smirnov test, results showed no significance for all variables. Mean values and standard deviations were computed for all variables. Unpaired *t* -tests were used to compare the mean differences of each cephalometric measurement between the groups after F-tests for equal and unequal variances. The minimum level of statistical significance was set at *P* \< 0.05.

Results {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows the means and the standard deviations of the linear measurements of males and females and the pooled sexes for crania with mandibles. Significant differences were found between males and females almost in all measurements. All male measurements are greater than those of the females. [Table 2](#T2){ref-type="table"} shows means and standard deviations of linear measurements and derived index of males and females and of the pooled sexes for crania without mandibles. All male measurements are greater than those of the females. The differences are significant except for Go-Go, Go-Art, and TFI index.

[Table 3](#T3){ref-type="table"} shows the means and the standard deviations of indices of males and females and in the pooled sexes for crania with mandibles. The statistical analysis showed a significant decrease in CI and VS of males compared to females. The results also revealed that all the crania are brachycranic, with a mean cranial index "CI" of 82.404.
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Discussion {#sec1-4}
==========

The comparison of the mean values of both Eu-Eu and Zy-Zy with the other ancient Egyptian samples from various periods revealed that these parameters vary among Egyptians from various periods.\[[@ref13]\] Facial width measurements vary among Egyptians more than the other groups.\[[@ref14]\] Variations in cephalic indices between and within populations have been attributed to a complex interaction between genetic and environmental factors.

Former studies reported that the breadth and length dimensions of the vault, interorbital breadth, biorbital breadth, palate length, and upper facial height were among the most important discriminators that distinguish between different populations.\[[@ref15]\] Strouhal\[[@ref13]\] studied ancient Egyptians from different sites and different periods (from 1^st^ Dynasty up to Ptolemaic). The means of Gl-Ops, Eu-Eu, Br-Ba, and Zy- Zy were greater in the male samples of the present study than that of Strouhal\'s. These differences may be due to pooling sexes together, in the samples studied by Strouhal, and because of the heterogeneity of sample regarding the extended time period.

Hanihara studied different ancient Egyptian samples from different sites and belonging to different periods (Badari: Ancient Egyptians (ca. 5000-4000 years B.P., N = 40), Naqada: Predynastic Egyptians (ca. 5000-4000 years B.P., N = 80) and Gizeh: Egyptians (26th--30th Dynasty, 664-343 B.C., N = 100).\[[@ref16]\] The mean values of Gl-Ops and N-Ba for Hanihara\'s samples were slightly smaller than those of our sample and almost lie within the same range of values. The variability in the craniofacial morphology of Egyptians can be attributed to differences in masticatory force production.\[[@ref17]\] However, the Northern Egyptians are influenced more by the Caucasian features; also, the craniofacial skeleton was not significantly different between the Nubian and American samples.\[[@ref18]\] The Egyptian Nubians represent a very ancient gene pool extending back to predynastic Egypt and the beginning of civilization.\[[@ref19][@ref20]\]

Differences in craniofacial morphology between human populations have been established on dry skulls as well as in the living. There is evidence that this variation results from both epigenetic and phylogenetic factors. Some studies proposed that differences in craniofacial morphology among populations might be due to variation in the orientation of the cranial base and the facial cranium as a whole.\[[@ref21]\]

Concerning sexual dimorphism in the linear measurements, all linear measurements were greater in males than females except Ans-Pns, but not all the differences were significant. El-Hadary *et al*.\[[@ref22]\] studied Nubian cephalometry and concluded that craniofacial dimensions in Nubian females were smaller than in Nubian males. Our results revealed that both Eu-Eu and Zy-Zy differ significantly between sexes. Our results agree with previous studies reported that most human craniofacial measurements, in particular the linear ones, show statistically significant sex differences and male skulls are 8.5 % larger than female skulls.\[[@ref23][@ref24]\] CI and VS in our males were significantly smaller than in females. Sex is a major factor in craniofacial differentiation and it can be stronger in one population and weaker in another.\[[@ref25]\] Sexual dimorphism in the craniofacial robustness and craniofacial width was attributed to the large masticatory stress that differs from males to females.\[[@ref17][@ref26]\] It is reported that the anterior cranial base length "S-N" shows both significant sexual dimorphism and racial variation.\[[@ref27][@ref28]\] However, sexually dimorphic traits are usually assumed to result from the effect of gonadal hormones, sex-specific gene actions, or both.\[[@ref29]\]

Strouhal\[[@ref13]\] reported that the cranial index "CI" in ancient Egyptians from different periods (from 1^st^ Dynasty up to Ptolemaic) and from different sites ranged between 71.80 and 76.10. The mean value of the "CI" in Bahriyah was 82.404 ± 5.573, which means that crania are brachycranic. Other previous studies reported that ancient Egyptian crania were most similar to that of Mediterranean.\[[@ref30]\] Archaeological evidence suggests that the ancient Egyptian Nile Valley was occupied in large part by immigrants from the Sahara and more southern areas, who brought Neolithic traits there.\[[@ref31]\] High levels of genetic heterogeneity over the Predynastic and early Dynastic periods, was reported.\[[@ref32]\]

In conclusion, the present study suggests that these crania of the Bahariyah oasis dating from the Greco-Roman period had a specific craniometric phenotype, which is distinguished from other Egyptian samples from different periods, suggesting that some migration might have occurred along the Egyptian Nile Valley over various periods.
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